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(54) \sm<o^m GaKms&m&af j tv>smmk 



(57) [5?#>] 

G a A s (111) a^WilC^^-^X 
h^^fcW-rs-^^fcJE&SU HVPEj£lfc*:ti 
MOC&fciO^T'GaNyN'y^rJI^fKU HV 
PEtfeti 0«iST'GaNxe^df>-v/^$r/l<^ 
U GaAsfflg^n. GaN«0|iAlgS:S^ H 
fcUHVPE ffitG a N $• @#tt tGaN-fVrf-yh 

ix 0 c^Sri^ G a N iJxj \ £• fpS . 



(2 

I 

IW&mi] 2 0mmjyjbtf)fi«fcirU 0. 0 7m 

[IB*3I4] ft<0^fc±&lMOTb&mJl400n 10 
rn*>4> 6 0 0 n mKfcit 0 12 0cm" i fiTFC** £ 
k £&«Kk^l>fS:£Jg 1 tE»»G a NgftiSHEC. 

[IW»H51 H*rt««*3&«7MPaJ3rFC****' 

mkt -t&m&m 1 g a n j£tgtfi£&?. 

[IIWSS6 ] £&9lHl¥¥&ft<6 0 0 mmJafC** 
£ k £«P«i:-f 1 fciBBWG a 

0. 5 5mmBl-pc*aifc*1*«k-f*Sft9»Blt8E 
ttaGaNJPJftfH£K. 

[«S8] As^lOi 7icm-3JaTtttS 20 

- k zimt-t&mxmi fcia»s<oG a NjttN&stE. 

[ffiglglO] (111) GaAsII^iWll 
-2);fr|fi!te— J38HS**sivcifctf(-i I0]^ri6jt{i 

^e-yf-rtL/s*^^$r^-rsvx^x<±ci i-2) 
[-11 ommzi^^xhy^y^com^-r^x 

7£WmL. GaNA«y7rJBfcRW\ HVPEffiti 
0GaN£-0Ct:^^^-v/^^5-ti:GaAs^Sr|^ 30 

i k zmmt g a n mm^mwmmm. 
\mxm.\\\ (nDGaAsisnitdi 

-2):frfofc— 5aBiS*4JVvcjfetf(-l I0)*rtittt 

(-11 0)*|6|tm^S^ N 54 ^tfMgfc^T*-*-?* 
GaNA' 7 7Tl^li HVPE^CJ; 
^TGaN£:tfcr;?3f^-v/Hfcg§ii\ GaAs» 
BSLTGaNfflltftt. *-*>GaNaS*W>±fcHV 
P Ej£fc:J: oTGa * xt L 40 

#>, Xtr^^-wW&RLTtGaN'f ^=/>y h*>&, W 
SPUiSMHfc: J: 0 #»hr& d k *#Bfc G a N JMS 

[000]] 

£ft¥&flc (GaND ^fflV^«Jt^3T-F (LE 

d ) ^w—r^-r h ( d ) Kizft&zmm^mw 

[0002] 50 



0 0 0-1 2900 

2 

[«5lW)jSff] HlttGaNj££*)fctf>«a£Kfc&«) 3 

**m*>G a N^-r htsTjmtmmmcDitzvk 

-t. y-yTJ-Y (AI2O3). SiC. Si. G a A 
s . Z n OfctfWtK«ffi3*ia . SflflWR^SMWfcfc 
■f X>f .X^fiG a NSSBCfW Xtitfefc-tf-:? r W -V 

4>jh.TVvfc. t7r^^(Al 2 0 3 ) aHKfcHfcSWfc 
UHSRttfc M.GaN kra^SSWi 1 6 % 

*>'&6*>^7 7^g«£ffi3. GaN3:k'tf>5$IJg£ 
fWfc»fcfct7r>( ■VfflR«#fcVt4*LED. LD 

*«*Lt«GaN3RLEDfcttrJKS#lTV>*. ifcGa 
NSRLDfcjg<rHE§:h.**:^5 fcW*sh.T^S. 
[ 0 0 0 3 ] -9-7 r 4 ^k G a Nttf&Tjg&Mtftt-tjS 
3„ *Wctft6-r^7r-f-^««Jbfc:*iJlfflW ! arGa 

ClS^t**. 02(±-9-7r-f-V±tOGaN«OJKJ? 

k. f&?S^^H3^£-^-r^57T-fe^. mw<7>& 

fc^kLT^W^a^k&MfrC^-S.. SStfi 
*SilTlfV&itf>ii£TGaN/A l 2 O3 fffifi^^ 

*. 

(DW5-183 189^- 
®W$¥6 -260680-f 
[00 04] i ; ^*5t7 r ^ tHRt:i^fc» ! S) 
t7r^-¥»RJ:WaNxe^dfj/-v/H^i 

X'hhofr. %Ast 1 0 9 cm- 2 t^RS^*i* 
}6|<S>fGaNLED{Jl^i}t?)S. ^JBI&arflWC* 

[0005] Lfr 7 r 4 -Vtettfc '3 lAfc o«»»Wr 
Sl^i^S. t7r^t(Al 2 0 3 ) tift^WtfcS 
•CWB6W*v^. -fk^Wj^^k v ^3 £ k f4& ^ J: o T* 

GaN^SU ailR^fW-^X-y^^ 

m-*T§'5:i\ «tfflS^ii^H14* i <(r^kv>3c:k 
{-tUZflb). GaN/-9-7r4-V»«l2rLED 

f-yTtcfl-ttr* k * ^y^jnx^ii tV^ i«S 
JKJM-r-l»-kt>«>0^4 0{i<Sv\ Sris, GaN 

OJ.J-Appl.Phys. vol. 37,ParL2, No.3B(1988) ,ppL30 
9-L312 
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[0 0 0 6 3 ¥4 isyrir'&WAzffotilhtZS i C<Oi 

S i CWfoG aNffiWRtf 
©Appl.Phys.Lett. vol.71, No. 17 (1997) 
teffias3*i.TV>«. U>>LS i C(ct,raH36«**. -ft3* 
WfcScJ&e* 0 „ #®<9itto«J£lIiSJ£# 1 500^ 
±M*>3r&. S i cmg.&fc<vM&i>mL^. 
fiE&ffi«itk3:9, GaNfBKfrpa'a.* hSfcfc*. 31 
REfetiS i CliG aNJBISIH^ffiKfc LT*iJffl£*lT 
ivfirH. S iC/GaN3g^i±fij^«T'J3«£*lT 10 

[0007] Wf fUdLT *>«£fc<DG a N*TWU MS 

[000 $XWBL±]£.G a N &X£T?:* ^•Wlf££3'& 
SttifflRS: 10 0 OTCJSlt^J^lfcJnJRU'flrJ-Wiiaf* 

v*. GaN£:k'axe^3'*sPJff£j££3-<jte&fig 

stftwia-efc^. GaN^iwsi^icSrifc-rs 

fc. GaAsttftl- 0 8ft, SiCliO. 8 7fig, "9" 
[00093 Ifil^llWHfln^vCJ: 

i «hbb4. g a NSMfcaye****^ LG a N3M»C 

v-f ? u ? 5 y 9 =5r k'** A -> T L & o ~9>Xh h . 

S9e?2rS?tt&. *3£>IW;btS^ateGaN*K#T- 
SSr^fcuaifctr**. -tyr-^-^ffi^GaN^ 
«*«*t*^*ttGaNai«ii:«i«rmW*flrv^ L 

^ifcmmft^Ga r -f SGa N|£-£-flc# 

[00 1 03 ISOffi-VCiWUf. GaAs^KSiL 
■C, GaN ^jft^d^tC^^ 19 7 0 SfWZffljmz 40 
*Hfc3*l)fc. GaAstGaN«J5!i|P5R*OiSRt4i<l 

W&VlTHtZ.kZkK&SkliZtohtt:. GaAsfcd* 
< G a NjWtfr&a^jfc. G a N«<WSAt%lf^ ij^K 

tmisumt&& - GaN /rant*-* k 3&»-c, jmx*>* 

-&G a NSflBiflMHYSSrA^fc. -f^Siiiifiteo £ 0 

HJ&MBStf) ««B4« X*<7)G a A s CO A s <7);#3H\ N 11 3 
fc*>RJGWi*>fc, ft^GaNttftjMjWVCS-**. Ga 50 



t$^2000-l 29 0 0 

4 

A s 2£l£±tf)G a N fUmn I k ^ k' *rM§ *VC «r vfira* 
o fc . 4 GaAsiGaNi T'^fr 0 i3 P 
frt>X'fo%-3iP« GaNcOti^Je'ScSrl k-TSk, Ga 
Aslil. 2 5t*4. i&5/4*>ia3. SiCWF 
Jg»ti. 1- 0 3fgT'GaN{3^fflT'£>&. -tf-^r-f 
■W)»?jaBiGaN»0. 8 6flgJT**. fg-?»C 
■Bi.tfGaAs(±. GaNl£firt>)8^. GaN/GaA 

[00 11] ^t,^&S'5TV^«0{iGaN/'-9-7r 

a. ^<6«<flG»lfcW«<TfcAt\ LEDtiJWMWf 
k h-jT fc . Kffl*«3WI£tWUf i> i t-gmfiffri> Lti 

\t\ ^r-f-VSK-CiOffi^PlSfOGaN^^S-^i, 

(swrffiwmm^mxMzc- n, v o i . jsi- 

C-II, p5 8~6 4iixti-9-^r^-\'ffi«^Xh^ 
-fT« (fitK) ^v^^^oJt-e^ifcGaN&JPRBE 
JSSi!*fc<o-C**. MEM (xh^-T) tiotU 
1*1 t!44MiS*L>t Bffjft* 4» G a N 

mi\ vyr4*ifi^tz±&x'h&frt>mMm%(.(r> 

[001 23 JRWSRffift^. W?J@R^gliraitm 

*«e3H9«fco* * k 3 . mi*wmfemm±G a n 

fflKfft*. ^k^oT^GaNaHtC**. LfrL 

•3-im±.<7)i><7)tf&mx'h2>. imt'fcu^^^G 

aNaHRliSrV*. 

[001 33 ^ffllSfttlR*$*&fc«f-3 35>;px^ 

tefl^SJS-t-* ;t* 5 tl . L*»UG a NfclMftLJt 

-3. Ga^SiOGaNSrmailLT. 3K7T$UE^BSEE 
*WtMk LTGa- G a NgJ^ t^t Z k tdT'# & . 



(4 

5 

*T^g , J<0GaN^n7 r /-r'^-r. GaNa&Kt^5EL^r 

1 0 0 1 4 ] GaNf«r««acfcJ: Ofl^rflS. 

4-*aS««±(c. GaN&flg£|fcR£tf&^tf>OT«4 

1 . H VPESc (/W HjRfflJSfiffi : Hydride Va 
por Phase Epitaxy) 10 

2 . MOCS (lim&ffl&immi&Mm : metal lorga 
nic chloride method) 

3. MOCVDS (WfiS&JSCVDft : metal 1 organic 
chemical vapor deposition) 

4. 

[00 1 5] MOC8&L NWfM'JWTMG^r 
t'Ga.C7)im&mt. HC 1 h^-yUMW 

±iZG a NmS£$:l$Mmt& t> «>*Cft & . ^fc{±*3!t 20 
£^-<r 'J^Xfc LT. WffihfeS#.X. HC 1 #X<Oft 
mtrr o . G aMJSfi: LT#«g&JK£ffl^**>4>#?S** 
G a N <0>f»fc:=r*fifti: t T ^A"T 6 . £&ge>£tf>£ft& 

&. (a*«^-) «udl. 

[00 16] MOCVD8&tGaNtt$£j&fi&cfc Lxm 
i>mm$tl&. 3— /PF*:*--A'ffltf>KJEJF(CiJVvt. 30 
TMG^rt'GaOWta^lSfcTV^:— 7NH 3 SttK^ 

TMGtNHs jM^LGaN|WK#T'&*. 

£3r^#»i>*ftix5:^. L^L^IliOJ:?^ f^GaN 

mrf&.vmmm* HVPES«Gaif(tui 

G a&JK£A*lT < . G attMftj££<ffilr W?3 0X:& 

Sfttt* i: . fifctfU -JAG aCimS. G a C 1 
a* V -YtfX H 2 (c J: T ffi«Ott5ir'\jffltt:ft . 7" y 
^E-7 £OS LT G a N ^aS^SiCJtfiH-S . £ 

■ItSEA L&i >#»fc*Jfe ^WJJigt AST L3: 
[0017] 

[^HJJ^)W^LJ:di:-rSi«JJfi] GaN^Bt^T-S-#®{ 50 
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^&mLlZGa.Nl$.1&&tfMki>m-t?>. MGaNM 
i^t^l4Til,GaNfe B nmW; tWlIB 

cog a Tiim*im+&&&-#m&m 3 « mttrc$> 

Ni|Mgfl4ifc3R ft 
So GaN4U6a>f y l^«JtLi*i*W<«BM- 

[00 1 8] 

C«H*l«fc-r*fcft«#gH G a A s (llDJUtS 

•aseto-tt [h-2] ^fotzmmtc&v [-11 

It. V^^^g^gWJ-fcfifflT'G a N^-C-y 7 7 Jg£ j££ 

o^TiSiBfc: LTG a NJg £ A>y 7 r J§co±fc -7 
X 9 <V±t,Z H V P ESt i oT^Cfr^^f >--v ;H££3 
GaAs^£Bfe&L?GaNJtM£||SK£lB^ 

*. dft<±ilfc<7)ffi«tefe&:fr&T'ft&. ft*i*i±i« 

Jft£ft£K£aiNb2: LT , $ 4,tf«±CGaNxe 
^"Sf^/WiB*ff<»*LT. ^=Sf<kfcl 0rrim<7)J? 
^*tl.GaN>fyrf<7htL, ^n^fl]Br^^(i^ 
H!LTa»OGaN5K«fc-r&. i*l*»*»W)GaN 
ffi«<Ol?i&^T'ft-S. GaAsSttaiijK-Ci-yf-^ 
^*ifcfcJ:oTllft*TS4. $^>tc:GaNO^ia{4 

wtsLT^Fi&fci-r* . icocfc a (caas^iBtsssTft* 

[0019] ^^«Ga N«hB^*b^O«Ffi»i*<^*: 

§ sfcft « . *5swc«g a nwB&mmt 1 ^f-ei 

3CSfF^X«Wfc:«3X hTWfi^-ifcfttiiG a Nffi 

teMfcHS-tffil^. 2 0m mftia±jffa L < it 1 

^f- (2 5mm) ULh, $ L<{42-f Vf-JJl 

± fc S CDX*$> & . l±Jf6«^T'ft 4GaAs J&f t 
ilfcf ^HSt^G a NtSA»iefiT & * . 
[0020] G a NS«R<0ig^(4ijZiC-# >n>- H U 

{C(4 50u m— 1 m mgg*«J: t >. 1 m in £ffiz_T i>-E 

S J:0*F*L<ti7O/x m~ lmmt^ W^T 
[ 0 0 2 1 ] H V P Ea$-Sfflt4«fi. IKSSaMBDRfc: 

■ft±#x=0rv> J; 0 fcrr&fca&Yfc* . KsBj^g aNCM 

r 'J -Vfc LXMto *) W & fc ^ -5 i *> 

3:1 ^. ^^A^^rV ^^4> G a N {ijtef^HJJWxy n 
tC*r* . ^-WJi<50G a N »>xv s - fc^tf^fcft < 



7 

Mm*>b<DMAltt*<\ L*>U GaAs3SM!l 

7 r £i#G a A s Wxfr^coA s <»££B&<'<DT'G a 
N^cOAsCO^AJ&iffiyyC^^ . -f-OfililO 
i 7 |cm- 3 J21TT'&£. AsC9ft#*^i:GaN<7) 
ISatt3WWx& . LEDi: Lfc*£tt A s A«»tt**fl: 
Stf*. L*LHVPEifeicJ:*Ujr*^38fUi$rV*. 
[0 0 2 2] 

aW«flB«)GaNHiti4GaAs3S 

ttflW^BfearCS £ £ *#G a A s ttSJOWRI 
£■ JJKtTift3rt- 4 Z t rfX'Z h . 5lct:iiB8Lfc«t a t:G 
a A s gHRti 1 9 7 0 ^fttafeUcK* 

6. rtLtia^^^^-S^^fci^TGaAsffi 
«E*«l.\ !IirL3WB»»J5>GaN^*ltfttejfi*S5-li-4# 
*5fiffi«Safl»&Lfc£^8^GaAs£ 

(SI¥10-078333^) . 

[0023] Ga Nl£ssJjgiiZ&X't>& . (OOOl)ffl 

lijKmmmtfh & . g a a s tucfr a* * 

(100)^(110) B&i3EI*lfMSfc»fc$rV». * 

^TGaAs ( 1 1 1 ) AmWL^mBMZm&t ttffl 

Ali ^3<^{4GaIg^*^mLTf>Sffi-e*)-l>. Bp 
[0024] 03te5x^/Hfcf*fcr&3 

V^^IJIgtliG a N##^V^ i 3 

N4*SiO2&£0<&». 7^I*(il0 0nm~ 

fit \ ««Kr jpxt* £ a^h^t***! t^- 

V*. WMijmmX'hZ . [11-2] ^ifiKCjflfcSr LT 
Jtfc. IBBSfcLfc-T*. -WitKOW* [-110]* 

^dti-S. *fSL<{4d = 3 1 / 2 L/2t-r§. oife 

tflS*iai2jLtm«iE* , »fct. «lf-yf-L.£6jLtm. 
$Mid&5juiiifcS3 J:3(C"tSifc*>T&*. *<7> 

®&»6JS« LfcG a NftTOtttcflUteS J; 3 
*»&T2&&. U^USnPfc, d^L#^\h=e<^5$a^ 

VX^jin^rfil* ; GaN-eig*?<xS*T-<7)R5 
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[002 5] JBtt£4>v.X?j«Lfc:G a N 
^r-^/l/jftSiaaiorw J: a SrIPfcSrJfo. vx^i G 
a Nj&qS»fct±|&^ U«t^*»feT«S<^G a A s fcJWJRG 
aN*«tS^-f-*«t4SB<oaf«-«firC**. MOGaN 

j&nois^-tti. >\*-y7rii±T-. s^Kwat^jat*** 

mtt>ti&. m&mmim^frbm&tte&iit* ass- 
muEfla* i «5i:/jN$ < . ztusmit. 3 sriK 

mttl5cr>fg.X~i>&^miz.%:%>. ZoX'\,&3:<X. 05 CO 

20 t>DT&&. 

[0026] 7.*?&Ott-&(CttGaAsMe>£fcfc: 

B(cje*BBtt*J:dt:t-*. Ht«ffl*H6 ( 1 ) trHff 
[0027] .r omJt^W®ia4 5 o-c— 5 o o-cfus 

X\ HVPEtKiottl Onm~l 00 nmgSW 
3lr*GaNAt7 7rJB£Jgj£-*-&. VX?J: 

rtv7Tmi*mftizm±Lx&fct$>. i6 (2) 
izzottmzvkLx^z. 

30 [0 0 28] 8 0 0*C~1 0 5 0°C^K«0aiatc:LT, 
HVPEacT'GaNXhr^af^;Pig5r®^--S.. 
^ W7r flRHS^flS-r •& . 04 O J; -5 fcMA LfcSire 

TttRtSA^$ S . 1 «CW7XVN-t47 0 /z 

40 m— 1 mmC0/?^5: ^OCOf-^iO^JgO^TibiKffi 
v\ ^^'06 (3) WRIBT»«. ±S£OJ;3^jS^ 

[0029] §^>CI*tJ:otGaAsMS-X7f 

y?m&tz>. -?x.7<7)fflftimmt,z}:ixm<. me 

( 4 ) *>ttl»fc:$r* . 1 tfcOG a N«,,R,T'i5S . 

[ o o 3 o ] s ^tc«akW7x/\-s-a8tufcv^)-c*) 

50 tLtii % Z^mLtmMi&tLX. S4.fcxe^^^;u 



9 

j£K$-t!r£. m7teZti£^. 127 (DliGaNl 
WLCO± CHVPEfttJ:-7t§^)l<GaNjXt:^ 
*s^/H&gL)tt>tf>£SV$\ nttf£<7)GaN'f Vrf y 
hlz%&. JWWilOmmUUtfc-*-*. MJiHtC^fgUW 

'v-fcHBDJBl/CfK. 07 (2) (ii^^-f. TX 
[0031] #^HJi£fc^Tie^j^/H£j|tefflM 

frtliHC l +h 2 crymAXxifimAZtLh* h 2 ti^f 
■V'J-Vtf^T**. *OlTHC«4Gaig5#''£>&. -Id 

^io-CJ(I^§ixGal6?ffi6^i). HCl*>'Gaifi?g 
\Z$R£HWhtLht)*L>^ Ga+HC WGaC 1 t^O 
RfctflaLZ 9Sft#U WGaCl 2. «. Z<OG a 

C 1 k^-rV^tfXHz mafe#X&BU&Ptt>W31H* 
T^t^fixS . B0H^«tAn4 « J: *) T2r £■!□■$- 

EtS&ftXmXZttft. GaCltNHstiO. Ga 
C 1+NH 3 -*GaNC9KJ£# < i&.r3. 
[ 0 0 3 2 ] ihfe 79 7 l± a- 7 h 8 (C J: ~> T HK^R 
B*fc:RW4>ft*. 1T-fe7*^7^)±fc:ttGaAsa«9 

t ^ a»6*«8RJS Lfc£j£!fe G a N*qs«<o±fc«srr 
*. 1 0d>&gttB3tLS. hvpe 

JSiGaifeKtlRfikLTffip. -£LTGaC 1 £tN§J 
[0033] tt?*i'*/\sflZ&mm$:$mt l zL,%:tf 

smi 3 0 iceLt-cswirc* h . suttcf* fcwets^ 

|g£®5<?)a { MOCi£. MOCVD&-C&&. 

^:SA»'M«^-g-tf*^GaNSS H B H tK«^M^fc LT 
i«ALT Lid. HVPE^(iGaS-Jn|aiLT?g«stc: 
U HCl fcKJS5$*GaC 1 ffi#3r*it#x 

[0034] *SMHfc:J: ->Tfffe*UtG aNJMSJHHR 
x 1 0 1 6 cm - 3 fgjgT&S. nM£0fKS1t^-5-i.?» 

H v p EmP+0M&»Bit:M»9-& 
ifctCfcoT^Mr'J-ViBKSrlXlO 1 6 cm- 3—1 
X 1 0 2 0 c m- 3 OfcHnWarCS 6 . imUHEtW 
Wt& i 4: i -5 T . ^HBttBBiS OcmVVs- 
SOOcrnWs O&ffltiiSTS * . Jtttttfcfc 1 X 



(6) $#682 00 0-1 29 0 0 

1 0 

10-1 Qcin~l X 1 OncmCDm&XMMZIittefo 
m- 3 0&!Btfg£ L< . Jt»Ktt5 x 10-?Qcm 
[003 5] i-5LTfffeilfcGaN3HRIifiixfc«rtR 

10 kj>M<£il.&. GaN8«fcLT»fc£fc"CJ5&. 
ffi«R<0@l!Hjg(iLainbert-BeerfllltC J: «J t2*&$ *UJC<0*C 

I = I 0 e xp ( — ax) 

5flifeW« < miT$i 4 £ fc £5* LT . *W?Blc J: 
TftfeftftGaNSKaa^fflRtt* 4 00nm~6 0 
0 n mtfcfcoTK . G aN£&?(*£fe&a&USO% 

fc#Li^itBJiJ!££iS"LT^-S. MH^flUGaN 

eOttSWTWRflaa* 1 ! 2 0 cm- 1 &iT<?)i>cr)£®U 
fc»4£fca*C*:fc. §&£®JR«!><8 0crn- 1 JSl 

JRflHBGV'hStWUf^Sl^l^ 				&# 

[0036] Jl^L7tGaAs^(RC0±fc:GaN$r^ 
30 S-ttT«ffl|cT*LTiSl*»^*^«stlX>?aj'f-. fm 

H9^J;atlGaN/'GaAs«-^^atf. GaNt 
ttJ6**%£U'0**. GaAstCtK^flSl^^** 4 

[0037] fcLfcfiUEfirtfWf GaAsS 

40 atGaNliTffl^^tifeS. SttK^J^fc&k-t 
(4^*^U. G a A s W&eWLW LT t «G a N (C 
HmthVSMfilih . -tOfcftfcH 1 1 J; a (EG a N 

[0038] 197 O^ftfcG a A sfflltCG a NSr 

*s -r rr g a n^^w^rbS' t, ^awt u ^ •) ut. 



1 1 

S£>lCxe?^^JI£StaTj£ll^-£&. pros* 

[0039] *ttew*>"Ch&ifi* WiO&l&PLtt* 
* s ^#v^fc'>x/N-7'o-fexfc:*»*»<b 5 5fV^ ROSrfF-fffi 10 
[00401 01 2£5t 9<7>«!l£i£&£ W4#8!82fctf>£ 



(7) 1$H2000-1 2900 

1 2 

[0041] K9Ji:^x/\-<Oft#9<7>lW§ i&^Jift 
H&£V*fcL # = 8H/D*fc«t-5T«fitTS*. Dt± 

[0042] ifcfcHS**: ^ 5 <>tf>ti*haW3Eii* 

[0043] vm-hm^s-cmts t swrtausflfct 

[0044] 

mi ] 



a" = 



3(1 -v)I 2 d 



[00 4 51 fciot4ife*l4. tf»irt*Mtf!K Ett 

= 5 0mmkLfc*^4. ±.<Dj£m~C8 = Htc3fcS . 
£WiaBHOrt»iB**i«**»fetttW-«. S t o n e y 

hZfrb) d=btLX, 
[004 6] 
[*2] 



Ed 6 



30 



cr = 



3(1 - v)/ 



[004 7] z<7)iUzZ.->x . MfrSfrtxyZimL 
aMWHStt/KKSrS. ROUS 

ss. steamer teefsu. so. iifi*¥g. wawB^w 
vtmmtwtLt:. 

[0048] 'jx.jwjzzizjai-zmm&m^h&c?) 

1 - llll^-I^R 6 0 0 m mJSLfc ( llll*** 1 . 6 7 x 1 
0- 3 inm-'OT) «50 



8S2. J*9H (5 0mmia@T) 0. 5 5mmHT 
3. ftgfllSlJjtf 7MPaElT 
[ 0 0 4 9 ] Oi 0 , ^WPSW^XMlClll Lfcfttt 

(i, RS6 O 0 mm, HS 0 . 55 mm, og7MPa 

[00 5 0]3t^ttBC*J^T. l«W)GaNaHK*«jtt 
•fZ>1rmcr>miZ. G a NlEtR^WAfc LT f»ltG 
aN*#<:re**5^/l^«Sl£|i|&IM >^-y h£ 
WM-ft*ife*.*RfflLT^*. *«0*&fcU£*£ 10$ 

[00 5 1] 

[£ft0U [H5SM1 (HVPES7f7MItJ:§ 
GaNflHSfilftOflsll) ] GaAs ( 1 1 1 ) A2S8E 

JBfflKfcLfc. ^JE (*JRflE) CVDMItGaAsI 
«±fc, Si 3 N 4 JI£m$0. lx/mfct4J:3WB 
BEL*:. £ftfc^J»^fcfc^-*S8*7*- hi/ V*^ 
7^tJ:o-CBBt-«:. J&fct3flgU*>i>«>££RJHL&. m 

3 (cSrT'f-ja F / h^fc . < 1 1 - 2 >>c h y^TM. 

1. H3~5fc*r*-J:at:. G a A s < 

1 1 - 2>i,z>rfi^m:iz$wm&'hm$tf^ -y 

d--3. 5jum, L = 4jum. 

2 . < 1. 1 - 2>X h 5-f 7Sg-< 11-2 >^tC : H z 



(8) 



1$G32 0 0 0-1 2 90 0 



1 3 



1 4 



Arn. ISIBS2)tim % t»yf-4 jtzm. 

3. <l-10>Ah5<i7 r &~<ll-2>lT&ltZ 3 r- 

COO 5 2] r«ia^lilt/iS i 3 N 4 i^7X? 

( 1 ) GaN/N'<y7rJScO0J^ 

jajfflWSrfKfc^T*-* V* ? iZ ± o -CS&b*Ufc GaAsi 10 
**HVPE«!tt»+fcfMffLfc. HVPE*Stt*3S3s 
tc5llv£GaAs^*tt5 0 0T:fcJl|jSiL;fc. 
GaiB«:8 5 01ClSLt.tJllJ»LGaWi*fc-r*. 
^APA^tKKXTXHz fcS4bJeX#.XHC 1 <7>m& 
#X£Ga»fc:*&. ifrffctfD^AGaC 1 £-£j£L 

ft. m<r>BMtf*m>\ufrt>*mu2 tm-TNH 

3 0»&;!fx*WAU 5 0 0^£Mfc3*iJtS«S£fi& 
T'GaC 1 +NH 3 -^GaN«Ml6S:g;$*GaAs 

«Lht:ifj7 0nm(0GaNA'77ri^)iEtl.. Si 20 
3 N 4 f3GaNj£^$yfjHffl#&9 S i 3 N 4 
JbfcttGaNtt*M»UfrV\ A 7 7rlB (70nm)(i 
( 1 0 0 nm) J; 95$^. t'Hig«GaAs» 
tWfcWfcG a NA* 7 7 rJg#T'§ & . 
[00 53] < 2 ) GaNXtr^^/PJSOTgjS 
HC 1 O&ASfFjhL*:. I%SI^5 0 orwhltol 
0 0 0 *C t T_Bf fc . Btf H C 1 SrGa jB£|«Ifrr #A 
-f*. £Hfc>:ijSkR GatHC 1 0££(C 
iot SMbST 'JWGaCl Sr-S-Jft-T & . *^^*X* J ^f 
■vU^k L/tS&hXWfcjfio&GaC 1 tiT^k t fc^S* 30 



Jl<^±fcxe?4f>'^/Hfcg-r& <> VX^J?7^ (10 0 
n m ) SjBi. & k V* ?*>_hfcG a NS£nVAiE7^E?#C 

4rtts GaNOinMt*^. I24 . I35{4A^ 

Hft^OH jSflSfffc* hfrt>%^ j6» 6 iEAft JEMiMaE** 
■pfcGaN ttR&ffl* <o T £ JtMo a n fc TIS* tf^" 
5r^-TS i k IcSr^ . jSfiiSBa±^ L V ^)TiEy<fttt<0 
MUteR?** < mmth . G a Nt&flJB*f?.X 9 
RS*i<^^<-rk. 4«(;UJ^GaN#«Uai/C»9> 
<. ja«aflEtt5 0/*m/H-e**. ttl OOjumO® 
^xtr^^/WgfcjfcJ*^*:. <r<7) J; 5 dz^mfio 

AM) OTGaNw+«rtaf*6A*^IBfc:fiMW-&i 
[0054] (3) GaAsffifKC9|{fc£ 

TISlOUBXyfy/Lfc. GaAs»'^ti 
*£*lfc. GaN*f(t~e>||ft(c&<?fc. SKfgLt 
GaN*ttJHHKtUfc. iWiaABrCftofc. 

fl!!(±{5{3r|^ t*frT 3 OOKWfcOC G a N Jft&3 it 
fc„ i£Bll±=F£F'y hSK (&2/tm£, L = 4^tm, 
d = 3. 5/zm) . &0B2MK1 l-2>Xh5^f7V 
■X^Y**. Hfg3M;<l-l 0>Xh7^fr7X?t 
*i>. 

[0055] 
[fill 







*t'J7M 

cm" 3 


cmVVsec 


ftffiftQ/cm 






3 x 1 0 IB 


200 


8.3 x 1 0" a 


##2 




6 x 1 0 18 


150 


6x 1 0" 3 


l*»3 


X h ^ 


1 x 1 0 19 


1 20 


3.5X 1 0~ 3 



[00 56] K-r&C9T'&&# n £erig?ft*@S 

jft^4 0 0 n m~6 0 0 nm"C<?)«RilXf^ti, 4 0 
c m- i ~8 0 c m- 1 X'foitz. A s <7)^'fiSria^ 

9X10' 6 cm- 3 Ac 
[00 5 7] [^5)56^)2 (HVPE7f5/HSSGaN 
atfhi. HVPE^GaNjpWt) ] 2>fyfg^Ga 
As (111) AQf^SKk Lfc. ff)l.tS i 0 2 <0 



5« (1) Ga.NS'\>y7Tm0>Ml$. 

[0058] ^^StSGaAsltSiHVPEg 
ataaEtJt. ia8^SSr<£3*\ Ga»5«800 
•CfclBRLfc. Kf^Xt LTtt. H 2 +HC 1 jGa 

, h 2 + n h 3 immizmmzm^ti. ^50 

0"C eytrntZtS^X , GaNA.y7rIS: 

ffi&Ltz. Ky7rJSflW180nmt*4. 
( 2 ) Xtf^df i/-*lVm<7MWL 

o^-cassciaffi* 100 o , ct±H , fc. HtM^^^ 

fll-oT , G a NXf^ v-r^J!8 0 /tin fcJKfiLfc. 
(3) GaAs«^£ 

G a N/GaA s J&K £ H V P E mWMM 9 *f Lfc . 
fiiBitteG a toWfflBL1fi&sS&tlX^& i k £5MXL 
fc. i*t*3E*4«'CGaAs»|RS:Xvf-y^TIJi*L 



1 5 

[0 0 59] (4) GaNWMlt 

Lfc. E16 (4) tf5J:-3sSr«IBfc:«r 
£ . G a NrtfWC*:-* fc *>*>fc.iJfcJfctfH V P E3£Sfc: 
•fe-yhLfc. MrS&£l 0 20*Ci:LT. HVPEt 
fcl-jTGaNi JSWt LGaNOf^^yh^*:. 
07 ( 1 ) t5c^-««rc*4. £0)4 y=f* Mi4»ife« 
*^L^<fJB«'C*ofc. Efi^?lil!l2 0mm, {/\- 
W-5 5 mmW-f frf -y hTJb-afc. 

[0 0 60] (5) *9-f-fr— fcJli^JC/N-OfflOtfi 
L 

*rtFfc:flJOtfLfc. 117 (2) fcS%f-J:d-C**. *H£ 

#5 0 mm, P^3 5 0/zm«GaNm|g l f H ffi^2 0tfc 
GaNfcfrSfUfcfc-I*. As, DSISfcfcfcA 
•y^^^^KWWtife-jt. tA* (As) , ItcM 

[0061] ( 6 ) flf m 

ZMz^ yVyywm. ftJh*f5Wft Lfe. 07 (3) 
SHRfctiR 9 

[0 0 6 2] ( 7 ) ttftifittft£«>H£ 

om^69BH4£ji5£ Ufc. n ST* -v 'J «li 5X1 
01 8 c m- 3 T'fcoTt. «?9&fttt 200cmV 
VsT'Jnfc. JtStilteO. 0 1 7QcmT'<5-35t» 
[0063]>f >rr 7 hWTffl («W*fr) *^JR 
o^^a:^-<?)^W#tttio^wJ; 3 X'ib^tz. nl 
T** 'J-Viftgti 10i s c m - 3 ^ ^^g&jgti i 5 

0 c m 2 /V s X'h-?tl. itt&fflZO . 0 l Q c mT'2& 

[0064] ( 8 ) %m.Stl<7)M%. 

S400nm-600n mlZ&tfhWSLffiS&ZZO c m 
- i --4 0 crn- i T'&oJt. 
(9) LEDWM 

GaNSKtfT&fctfVC. -?-60±(C I nGaN£3BfcJS 
fc-T^LEDS-fmL.^. fi!*W9-7r>f^S«l^t<7) 

WiLsWilftti, <6<U«0ifcMcJ:S. «3lW7r^-V 

3i« l e d x-^am^z^ < ^ssmfsiifitpeE. vx t * 
Jt#. g a Ns«(7)*^i5j^ l e Dunmmm^z < 

[0065] [^S60IJ3 (MOC5f7/l'MGaNl 
HVPEGaNffftlt) ] GaAs (111) B 
ffiZmMt LTfllUfc. S i 0 2 ^S«:ffit7=|- h 'J 

vr? yjizk^x [i-io] Tt^azm/ixh^^ 

[00 66] ( .1 ) GaNA-y^rJgCOflM 



(9) #ffl2000-] 29 0 0 

1 6 

Wfl»fcB£4Hi£vHJK£& (MOCS) 9 
0 XXOm&X'&ffiJil/Z 9 0 n m <7>)%?MOG aNA 7 7T 

[0067] ( 2 ) G aNxe^i^/l-JlOJlM 

mtgmizimx. mffim&¥}9 7 0'ci,z±_tfx. g 

aNXt^^y+;H^2 5^m <DJ-S$ (3gj£ „ 
(3) GaAslSW^ 

M OCJItfr^G a N/G a A s Mf4J 1 "3 ^Lfc . M 
m<r>G a N #|£Ad<j&ft LT V »3fe . .X h 9 4 TV* ? <D 
10 ^-|&J{i. GaN<0 [11-20] ~)iHZ'h^tz. 0 
GaAsW [1-10] ^TlKl^GaNO [11-20] 

[0068] (4 ) GaNCDJpff-tfj£j| 
2 5wm)?^OGaN5rafeifHi: LT, HVPEJSrgfc: 
-t-ybLtz* 1 0 00titcM*LHVPE3H;Lj:oTG 
aNJI<X^Jf^^;HigS§tt. H&tf-e&iEtfS 

[0069] (sjTOM^t-fcJ;!.^-^ 

20 OtiJL 

OOMmWig*«J90SLfc. 2 5tt<0TX#y h^X 

v \ - 9 aw- <r t £ fc . 
[0070] ( 6 ) mm 

tz. WShtLX<DGaiNim&'?XJ^-Zmz. 

( 7 ) mssim&fim 

&mgili2 50cmVVs X'*>~>tz. tiMmto . o 
30 5QcmT'&-?Jt. 

[0071 ] ZnmJfomX'liG a N gflc&SM&ite L 
X , CaNi^^/p^^^T^S. &t\]|it£j|G 
a N 5> -f f-t« LX H**»4>— 
#£2 5ftk<0^#f1»'#£. S^riXMi, l^fc 
lRGaAs *»fe««S-frft«^fcJt»LT 6 4 

ibti 1 tfcS^ 9<9§5!iilKSf|^*§ < JBOTCS fc. G a N 
SrtfflfUifc-r^Sltgt (As) . &tm(C) tt>tZ'*y 

40 [ 0 o 7 2 ] 9 co'mziE=ft&<r>WJilz h h mtt,z 

«<?5x&*//feS. ^X7±.<r>~J : r7)l-mki,zi.*>X. 
^rtOfi^Pfi^att^^^J^^^^S -Jt-tCG a A 

stGaN o^mmmttm *> ftmmji irmnx-^ -& . >t 

[0073] [3i«4 (Kayftfc«DB*V * d>-'- ■ 
rtgNGftoffifli) ] [i-]oo]xh7^ r^x? . 

50 [H-2]Xh5-f77^, Fv^^SW^H 



(10) 1fB82 00 0- 1 29 0 0 

17 18 

H 2 +nh 3 tH 2 +hc \ -cbh. mw*<r>mm& [00743 
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225 
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970 


180 
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61 
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240 
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1020 


240 
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120 


167 
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1030 


240 


1 
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¥*S 


70 


125 


23 




970 


360 


2 


6 




200 


14B8 


5.4 




970 


180 


2 


12 




200 


1359 


5-9 


/V- 


970 


180 


2 


24 




200 


2604 


3.1 



[0075] Ztihcoo-h. -f. K 
oeotiA^/p-yr-fcO, ;v ^ 

(±B^;P— 7X'*>&. 20 

(A) Ga^JEiil kPa ( 1 0 2 a tm) 9 
7 0'CTA*77rI ■'?X^«0±tGaN^ lliaaiJI 

1 030-C-C§^i:3^iaGaN^^§-tf^o 
^4B^^Xt**S^/t'JfcKT'&£. Hi 3£fi*l 

otri^T-ewasms-ufrr. gawks****. zti 

t>immii J f L i8X't> 9 * 7 * o s>-lij|#T* * . fc ; 

Ei 3tz&^x*mmB (um) r**. kw« 

5/»m-12 0^mt^lxtl-^. NEMttAffiftft 
( G P a ) T*4 . OWlCttttniM&ftft^ M P a— 4 30 
OMPaT'fcl.. XlhAsiZtfl OMPa J: 9*&tM*!fl|( 
JSftSMf * . b*»LrtfiWS^J*4 7 M P afcTF (7X1 
0- 3 GPa) tftf&U*. 

(B) Ga#BJ2kPat*&. 9 7 0 "CT^ -y 7 T 
M • VX^<0±^G aNS: 60$^Xtf^^f x-v/USS? 

KftoJWil 0<IT'£>&. Hi 3icRC-J:at:^ 
**\ M(i70^m~300#m«;WI.. Ga 
Nf^cO^ffiafflV^. RmaxHI420jumtl)S. G 
a Nffifitfatt 2 0mmX2 0mmTi55. ^ffiPKJSifi 
S^tfrtSW&btt'hS ^. rtaWfcfcttH 1 3 «fc 40 

MP a fiTFC* & fr&Ztl&ftti-i-Z t WX'% & . L#» 
UHt^T**^W^(CJ£VHffcO& (7 0/im- 
300jum) K'560lU|^@R(iR=7 8 0in 

m~l 5 0 OmmttJ. 

C 0 0 7 6 J ( ffl*¥«amtt) ] «r«fc ra 

fc (A) tf>Kfi6tfcfc. (B) 5tJt<^«fifc:-PHTJHSE 

JWflfc. 121 4tf«?St. flMmtKV (ju 

m) -Qhh. mw,nm^mxihh. iiii^^±6 00^50 



(A) 9 7 0-C10$|SI+ 1 0 3 0°C3l«f|^^<0|^A 

1(42 0 0 mmJaTTfcS . ft^SOSI* U^fflJi 
6 0 0mm fcJLtTfc & . 6 <IcoM£|<?>£T tf BMtzM L 

( B ) 9 7 0X:6l«|BlJft«^tmBi^RJi^Jf < . iSffi 

^. 5fla^>B^«0-r-^.T{i6 0 0inmi:U-5a*Lt-» 

*^>T-'h§<TR , 5* < ^:#^. 19 70^ft»GaAsl 

[0077] imm 6 (0M) J WSAliBMKcjfctt 
Ufc. MflB«5*>, fl^?l 50j«m, |*Jg&Jjyj4MP 
a , ft^^fl 10 3 0mm, Rm a x 2 0 jt mCOW&fc 
owcBMLfc. ffi«fcJ:0l!iett8 0/*mfc*ofc. 
A*¥@(;tiilf%& 6 5 0mmt«otUS. Qf£ t <t ~> 
T^liBffi^tiRrnax 7. 2nm s Ra 2 n mfcrjl&Jf L 

[3Sfife0iJ7 (»-/xy^e0(Aia^joM*-1±) 
:TVX?£fl»fflLTGaN)&RL/^ffc. 
^ Srf^ffl LX G a Nfig« Lfc«^«rtaW6* *JfcttL 
/£. HI 5tc*LZ:<7){i:, vx? t\HW>&j}0)W%*^ 
-t^yyX'Sih. GaAs^iK, <1-10>J 

sii/^^'y^fc^^-ciit^iWktfcfctfi)) 120 

AtmWGaN fcj&BS *t t> Hfifeffif 1 1 1^«0 h' •/ 
h"7X^5:<!l!fflL, Y-J^H/51 6 OjmnDG aN$rJ)Jc^ 
S*fct>^)» fcfllfflLfc. J«^)*m±vv^<tfe, Ga 
^JEl X 1 0 " 2 a t rn ( 1 k Pa) , N H 3 ^i±0 . 
24atm (2 4 k Pa) . n£^B$|, n J 9 7 0 f$L&&'i 
4 fiic^f^ XaiUGaAsiBKft 



1 9 

< rtasjSft *> /J^ V * . -WifcR LT X 1-5 4 /vx ? £ 
«6fflLTlBSUfcGaNfflKt± N X h 5 >f T#|fi] k -eit 

GaAs<0<l-l 0>IJGaNO<l 1-20 
>(C N GaAs«0<l l-2>ti. GaNC9<l-l 0 
0>l,Ztt)&-t&. GaN«<l l-2 0>k<l-l 0 

[00 78] 

[«W«««iR] ^SEWtiAJa^GaNJIitia^xyNSfi 
ffi-TS . 9"5r ?/l'j£Jt&fc: i G a NttAttWlEffi 

MTD*X£fco::k#T'£&. ^GaNfly&ft^X 
/N£GaNf£ft5fW>S«[k LTfiJffl-T6.r k#T'£ 

y&Mmtfil.ifih. GaNLED, GaN LDW^i^ 

[01 ] GaNtSfiSrJft**-**fcft«3HRWH4:Ga 

[02] ^r^-^SRJbJCGaNxe^^^^ 

[133] ^^^^X^SrGaAs ( 1 1 1 ) AjS 
[04 ] vx^«*»6KML/£«MWcGaNA-y 7 rJB 
[05] GaN£-?x?, A-y y r JBa±(c3&(cxt; 

[06] GaAsS^<50±tC-?X^$-®HiTGaNV<-7 
7rJH, GaNxe^S^/WBfctftKS-li;* GaAs 
aMR*Xyf-^^n»*i-4lS*ip^-XgSI. < 1 ) ti 
GaAs ( 1 ] 1 ) ffi«Lhtcv^^*»BEtfclS<0 



(11) mi 2000-12900 

20 

0„ (2) im^tio-CM^tv^i«>tA7 
7 r JH«rJft*S-£fcIfi»H. ( 3 ) fcf<y 7rfl, v 

0. (4) liGaAsaS«fclHi*LGaN^S:fclRfc'5: 

[07] GaNS«tf>±fc;5&fc:GaN£J9<li£gS-£ 
TGaN'f yzf y hfc#9£:h.fcflJ»fl/C?xy\trr* 
X@£jjr*-H. ( 1 ) J±G a Nffi&KJPWt LftGaN 
-fyrf-y h<O0. (2) Ji-f^rr-yhfcrtJBCT.x^'f-?- 
10 -y h^x^tcffllf LTi*£ttffl£i*rrH. 

( 3 ) fcttO 9iB3;fufc»?xw>BI. 
[08] HVPE^a«mn&rfil0. 
[09] G a A si««ltGa N J|£I$ttI^S 

[010] hVhftUfc-MfiOX'fotUZ. GaAsSrBf? 

* Lfcfiw> g aNijTic^s £ t ^^-rrrM0. 

[011] tliGaN g«^**H=l*iaWS* jW5R£t- 
S^tlfGaAs^Ui ft3g*#£BS £ k 
VnSH. 

20 [H12] GaN^X^WKO^gJStl. 50m 

[01 3] #.X8ilM£ (A) 18 00 seem— 900 
sec m(0- Pk ( B ) 9 0 0 s c cm«- gffcrol^ 

[014] HtASKfi (30ft) kBfflfSS^ (9«C) 

aA**Aprfcs„ 

30 [01 5] Xh^TVX;?kb' y hVX^ffifflBfOI*] 
1 

2 t-? 

3 amxrA»AP 

4 JSH^^WAP 

5 Gajg 

6 Gag£?g 

7 -9-Hr 7"^ 
40 8 y+7 h 

9 GaAsSKi^ltGaNfflK 
1 0 tfXSWJP 



[09] 



[01 0] 



GftK 



GaN 



(12) 



13BS2 0 0 0-1 2 900 
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